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Motivation
Carbon containing grains are widespread in the ISM and in Carbon-rich stars. Observational data are taken mainly in the IR region both in emission and in absorption.
Characteristic signature of these species can be found in the 3.4 m absorption band. This band is associated with carbon hydrogen stretchings of both –CH3 and –CH2
subunits. CH aromatic stretching are also found in the near 3.3 m band. Along with that, bending vibrations of the aforementioned subunits are found in the region from 8 to
6 m, also in the region where we could find vibrations from other functional groups, like olefinic ones. More complex torsions and other vibrations can be found below the
10 m region.
The present work is devoted to the study of the structure of two of the main HAC frameworks : one formed by small aromatic rings connected by aliphatic chains (RC=rings
and chains) proposed by Dartois and coworkers [1] and the other with a graphitic like backbone with aliphatic substituents in the edges of the structure, as can be seen in the
work by Steglich and coworkers [2] (SG = substituted graphite). Both proposals can be found in Figure 1. Along with the study of the structure, the study of the infrared
spectra can help to elucidate the nature of the ISM observations.
Methods
• Theoretical
We have built several unit cells packing prototypical molecules of both RC abd SG
approaches using a Montecarlo procedure implemented in the Amorphous Cell code.
In this code, molecules are placed in a random configuration and minimized with
respect to the inter and intramolecular contacts of the final structure. These structures
are optimized to match a certain density. In the present work, densities from 0.7 g
cm-3 to 3 g cm-3 have been considered.
The obtained structures are minimized using CASTEP [3] until their electronic
energy corresponds to a minimum in the potential energy surface of the system, with
a force threshold of 0.03 eV/atom. The optimization is done in the context of the
Generalized Gradient Approximation (GGA) with the PBE exchange correlation
functional using the Grimme’s D2 empirical dispersion correction. Vibrational
properties at the  point are computed using linear response Density Functional
Perturbation Theory (DFPT) [4]. Once the vibrations are obtained , we have broaden
them with 20FWHM Gaussian functions in order to take into account the band width
of our absorptions.
• Experimental
Carbonaceus materials have been obtained following the procedure described in [5].
An inductively coupled RF discharge reactor is used for the deposit. A 10 turns Cu
coil is placed around the central part of a 30 cm length, 4 cm diameter Pyrex tube.
The coil is fed by a 13.56 MHz RF generator to produce a 40 W plasma. Samples are
deposited on silicon substrates placed in the center of the reactor. A mixture of CH4
(5 sccm) and He (10 sccm) is introduced, with a total pressure of 0.3 mbar. In some
cases, we have processed our samples with a H2 plasma. A Vertex Bruker 70 FTIR
spectrometer working in transmission configuration is used to obtain the spectra of
the samples. These spectra are used as the main workhorse for the models to be
validated.
Results
- Figure 2 shows the evaluation in the electronic energy of the system with respect
to the density used in the construction simulations. Relative values of the
electronic energies in the densities scan show that packings from 0.7 g cm-1 to 1g
cm-1 are the most stable ones, in reasonable agreement with the experimental
assumptions in the density of these materials.
- The calculated IR spectrum have a good agreement with samples deposited over
12 min with the conditions shown in the experimental part. RC samples match
with unprocessed HAC deposits whereas samples processed with H2 plasma
during 10 have a much better match with the SG one (Figure 3).
- When comparing the amount of H, sp2 C, sp3 C from our structures with the ones
obtained from our experiments using the band decomposition found in the
literature [6] we see a good agreement between both in the RC model. However,
for the SG one, the agreement is not that good, mainly because of inappropiate
band assignations, which should vary between different materials. In this way,
theoretical models can lead to a better estimation of the graphitic content of a
HAC sample (Figure 4)
Fig 1. Converged structures of
the proposed HAC models
(1gcm-1). On the two upper
panels the isolated molecule
(left) and the packed one
under periodic boundary
conditions (right) of the RC
model are presented. SG
model is presented in the two
panels below
Fig 2. Relative energy
variation with respect to the
most stable structure for both
the RC (upper panel) and the
SG (bottom panel) model.
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Fig 3. Comparison between
experimental and theoretical
spectra of both RC and SG
approaches. Densities for the
RC model and SG model are
chosen to be 0.7 g cm-3 and 1
g cm-3 respectively.
Fig 4. Ternary diagram
comparing the H, sp2, sp3
content of the models with the
experimental ones using a
Gaussian deconvolution
procedure found in the
literature [6]
